Introduction {#sec0005}
============

Total knee arthroplasty (TKA) is a very safe procedure.[@bib0100] However, patients undergoing this procedure are considered to be at risk of venous thromboembolism (VTE); deep vein thrombosis (DVT) and pulmonary embolism are the most common manifestations.[@bib0105] When preventive measures are not used, the incidence of DVT may reach 60% in the 90 days after surgery,[@bib0110] and the incidence of fatal pulmonary embolism may reach 1.5%.[@bib0115]

The guidelines of the American Association of Orthopedic Surgeons (AAOS) and the American College of Chest Physicians (ACCP) widely recommend the use of anticoagulants after TKA and total hip arthroplasty (THA). Although the AAOS guideline does not specifically recommend the use of aspirin, those of the ACCP strongly endorse its use (grade 1B -- moderate quality evidence) as an effective agent in the prophylaxis of VTE after total arthroplasties.[@bib0105]

Currently, there is no consensus regarding the best pharmacological prevention; the most commonly used drugs have been enoxaparin, a low molecular weight heparin (LMWH), and rivaroxaban, a factor Xa inhibitor. Nonetheless, the effective VTE prophylaxis achieved is associated with an increased incidence of local postoperative complications (hematomas, superficial and deep infection) and systemic complications (nasal, gingival, and intracranial bleeding).[@bib0120], [@bib0125], [@bib0130]

The use of aspirin as an effective VTE prophylaxis after TKA and THA has been widely reported, but its routine use as a medication of choice remains controversial.[@bib0135] Recent studies have shown that aspirin is an effective agent in preventing VTE, with a lower risk of complications than other more aggressive anticoagulants, which can cause secretion in the surgical wound and bleeding, as well as high rates of rehospitalization, reoperation, periprosthetic infection, and even mortality.[@bib0140], [@bib0145], [@bib0150] Another benefit of aspirin cited in some recent studies is its cost-effectiveness when compared with LMWHs.[@bib0155] Therefore, the present study is aimed at comparing the efficacy and safety of aspirin and rivaroxaban in preventing VTE after TKA.

Methods {#sec0010}
=======

The study was conducted after approval by the institution\'s research ethics committee. All patients received and signed the informed Consent Form.

This was a prospective study. Thirty-two patients with osteoarthritis of the knee and indication of TKA for primary osteoarthrosis were selected. The exclusion criteria comprise patients allergic to one of the medications; those with coagulation disorders or liver diseases; those with history of bleeding; those in use of other anticoagulants; and those with a high or very high risk of developing thromboembolic events, such as those with obesity, very limited ambulation before surgery, a history of DVT or pulmonary thromboembolism (PTE), known hypercoagulative state (such as estrogen use), and history of recent malignant neoplasia.

TKA was performed by different surgeons after a rachidian space anesthetic block, using a tourniquet. A midline approach to the knee was used with a medial parapatellar arthrotomy, a femoral cut was made using an intramedullary guide, and a tibial cut was made with an extramedullary guide; the prosthesis was secured by conventional cementation technique. After surgery, a suction drain was installed and the layers and skin were sutured prior to tourniquet removal.

After surgery, the patients were randomized into two groups through a computer-generated table (Microsoft Office Excel 2010; Microsoft Corp., Redmond, Washington, United States). Drug prophylaxis with anticoagulants was initiated 12 h after the anesthetic block. In group A, patients received 300 mg aspirin divided into two daily doses of 150 mg each; in group B, patients received a daily dose of 10 mg of rivaroxaban. In both groups, patients used the same medication until completing 14 days of use, counted from the first dose.

All patients followed the same postoperative rehabilitation protocol. On the first postoperative day, patients were stimulated and instructed to make active ankle and knee movements. On the second day, after removal of the suction drain, patients were instructed to walk with the aid of a walker; cases without clinical or surgery-related complications were discharged on the third day.

Patients were monitored periodically for the presence of complications due to the use of anticoagulants and/or signs and symptoms of thromboembolic events.

Routine laboratory tests were performed one, three, seven, and 14 days after surgery. The hemoglobin (Hb) and hematocrit (Ht) values were recorded. The suction drain output volume was recorded at 24 and 48 h after surgery, when it was removed. In both groups, blood loss was calculated based on the Gross formula, as recommended by Sehat et al.[@bib0160] and Nadler et al.[@bib0165]

All patients were followed-up weekly after hospital discharge; during four weeks the presence of signs and symptoms of DVT, surgical wound healing, and possible local complications, such as bruising and superficial or deep infection that would require surgical treatment were evaluated. Therefore, any evidence of secretion, hyperemia, or cellulite around the surgical wound identified by the medical team was considered a complication of wound healing.

Patients with clinical suspicion of DVT underwent Doppler ultrasonography for diagnostic confirmation and appropriate treatment if the presence of deep vein thrombi was confirmed.

All the analyzed parameters were submitted to statistical analysis in order to assess the safety of each drug in relation to the prevention of thromboembolic events, as well as the risks of complications related to its use.

Results {#sec0015}
=======

The selected sample consisted of 32 patients: five males (15.62%) and 27 females (84.37%). Patients were divided into two groups: group A used aspirin and group B, rivaroxaban. Group A consisted of one man (7.1%) and 13 women (92.9%), while group B consisted of four men (22.2%) and 14 women (77.8%). The mean age of patients in group A was 71.21 ± 6.35 years, *vs.* 67.11 ± 7.65 years in group B. Regarding laterality, group A was composed of six right knees (42.9%) and eight left (57.1%), while group B included eight left (44.4%) and ten right knees (55.6%) ([Table 1](#tbl0005){ref-type="table"}).Table 1Distribution according to gender and laterality.Table 1Rivaroxaban group (*n* = 18)Aspirin group (*n* = 14)*p*-valueGenderMale = 4 (22.2%)Male = 1 (7.1%)0.355Female = 14 (77.8%)Female = 13 (92.9%)  SideLeft = 10 (55.6%)Left = 6 (42.9%)0.722Right = 8 (44.4%)Right = 8 (57.1%)  Age in years (mean ± SD)67.11 ± 7.6571.21 ± 6.350.148[^1]

No differences were observed between groups (aspirin and rivaroxaban) regarding gender, age, and laterality; Fisher\'s exact test was used for categorical variables (gender and laterality), and the Mann--Whitney\'s test, for continuous variables (age). The groups were not statistically different for these variables (*p* \> 0.05).

Group A presented one case of deep infection (7.1%) and one case of dehiscence (7.1%); no complications were observed in 12 cases (85.8%). Group B presented one case of deep infection (5.5%) and three of dehiscence (16.7%); no systemic complications were observed in 14 cases (77.8%). In group A, one case of systemic complication was observed (7.1%). Group B did not present cases of systemic complications ([Table 2](#tbl0010){ref-type="table"}). One case of DVT was observed in group A (7.1%) and two cases in group B (11%). In group A, two cases of rehospitalization and one of reoperation were observed (14.3% and 7.1%, respectively), *vs.* two cases of rehospitalization and two cases of reoperation (11.1% and 11.1%, respectively) in group B. As shown in [Table 2](#tbl0010){ref-type="table"}, only one death was observed, in group B (5.6%).Table 2Postoperative complications.Table 2Rivaroxaban group (*n* = 18)Aspirin group (*n* = 14)*p*-valueLocal complicationsNo = 14 (77.8%)No = 12 (85.8%)0.803Dehiscence = 3 (16.7%)Dehiscence = 1 (7.1%)Deep infection = 1 (5.5%)Deep infection = 1 (7.1%)Systemic complicationsNo = 18 (100.0%)No = 13 (92.9%)0.437Yes = 0 (0.0%)Yes = 1 (7.1%)DVTNo = 16 (88.9%)No = 13 (92.9%)1.000Yes = 2 (11.1%)Yes = 1 (7.1%)Hospital readmissionNo = 16 (88.9%)No = 12 (85.7%)1.000Yes = 2 (11.1%)Yes = 2 (14.3%)ReoperationNo = 16 (88.9%)No = 13 (92.9%)1.000Yes = 2 (11.1%)Yes = 1 (7.1%)DeathNo = 17 (94.4%)No = 14 (100.0%)1.000Yes = 1 (5.6%)Yes = 0 (0.0%)[^2]

Using Fisher\'s exact test, no differences were identified between the groups (rivaroxaban and aspirin) regarding local complications, systemic complications, DVT, rehospitalization, reoperation, and death (*p* \> 0.05).

The time of tourniquet use (mean ± SD) in group A was 119.00 ± 5.59 and in B, 122.72 ± 8.44. In group A, the 24-h drain output (mean ± SD) was 305.71 ± 196.10 and in B, 354.44 ± 276.72. In group A, the 48-h drain output (mean ± SD) was 124.21 ± 92.33 and in B, 104.78 ± 75.69. The preoperative HB values (mean ± SD) were 3.30 ± 1.13 in group A and 2.98 ± 1.48 in group B. The 14-day postoperative HB values (mean ± SD) were 2.71 ± 1.19 in group A and 2.38 ± 1.24 in group B. The preoperative HT values (mean ± SD) were 10.18 ± 4.48 in group A and 9.47 ± 4.75 in group B. The 14-day postoperative HT values (mean ± SD) were 8.04 ± 5.55 in group A and 6.89 ± 3.55 in group B. Using the Mann--Whitney test, no statistical difference was observed between the two groups for these variables (*p* \> 0.05; [Table 3](#tbl0015){ref-type="table"}).Table 3Perioperative results.Table 3Rivaroxaban group (*n* = 18)Aspirin group (*n* = 14)*p*-valueTourniquet time (mean ± DP)122.72 ± 8.44119.00 ± 5.590.37124-h drain output (mean ± SD)354.44 ± 276.72305.71 ± 196.100.83448-h drain output (mean ± SD)104.78 ± 75.69124.21 ± 92.330.985HB pre (mean ± SD)−2.98 ± 1.48−3.30 ± 1.130.732HT pre (mean ± SD)−9.47 ± 4.75−10.18 ± 4.480.790HB post-14 days (mean ± SD)−2.38 ± 1.24−2.71 ± 1.190.717HT post-14 days (mean ± SD)−6.89 ± 3.55−8.04 ± 5.550.372[^3]

After the general linear model (GLM) test for repeated measures was used, a decrease in the post-operative levels of HB and HT at one, three, seven, and 14 days was observed (HB: *p* = 1.334 × 10^−30^; HT: *p* = 1.362 × 10^−28^). However, this value did not differ regarding the type of medication (HB: *p* = 0.152; HT: *p* = 0.661; [Fig. 1](#fig0005){ref-type="fig"}, [Fig. 2](#fig0010){ref-type="fig"}).Fig. 1Analysis of alterations in hemoglobin level (HB).Fig. 2Analysis of alterations in hematocrit level (HT).

Discussion {#sec0020}
==========

The concern of the orthopedic community with cases of VTE after orthopedic procedures is paramount.[@bib0170] If preventive measures are not adopted, the incidence of DVT can reach 60% and that of fatal pulmonary embolism, up to 1.5% within 90 days after TKA.[@bib0110], [@bib0115] Currently, there is no consensus on the best strategy for VTE prophylaxis after knee and hip arthroplasty.[@bib0170] This study aimed to compare aspirin and rivaroxaban in the prevention of VTE and in the incidence of post-TKA complications.

In the present study, no statistically significant differences were observed between the groups regarding the incidence of VTE (*p* = 1.000), similarly to the recent meta-analysis by Drescher et al.,[@bib0175] which evaluated only randomized studies comparing aspirin with one or more anticoagulants, and concluded that aspirin efficacy is similar to that of other anticoagulants regarding bleeding control and VTE incidence.

Some studies have reported that aspirin is effective in preventing VTE and has a lower risk of complications when compared with other more aggressive anticoagulants.[@bib0170] Vulcano et al.,[@bib0180] in a study with 1947 patients undergoing TKA and THA, compared the use of aspirin in relation to warfarin for the incidence of VTE and bleeding; those authors observed rates of 1.2% and 0.3%, respectively, with aspirin use, and 1.4% and 1.6% with warfarin use (*n* = 1947).

Therefore, the increased incidence of local or systemic bleeding is another concern in the use anticoagulants, and some studies have shown a possible lower risk of bleeding with aspirin.[@bib0175] In the present series of 32 patients, no complications related to systemic bleeding were observed, and the evaluation of local bleeding through HB, HT, and postoperative drainage output control showed no statistically significant differences between groups A and B (*p* = 0.717; *p* = 0.372, and *p* = 0.985, respectively; [Table 3](#tbl0015){ref-type="table"}).

Several studies have concluded that the use of rivaroxaban when compared with other anticoagulants increases the risk of complications related to wound healing.[@bib0125], [@bib0130], [@bib0185] However, in the present study, a greater number of patients with local complications was observed in the group that used rivaroxaban (*n* = 3) when compared with the aspirin group (*n* = 1), but no statistically significant difference was observed between the groups (*p* = 0.803).

Alterations related to healing and increased bleeding may progress to deep infection. In the present study, two patients (one in each group) presented dehiscence of the surgical wound that evolved to deep infection with need of rehospitalization and surgical intervention for cleansing, debridement, and polyethylene exchange. However, one patient from group B (rivaroxaban) persisted with signs of infection, requiring a second surgery for prosthesis removal and spacer placement; this patient evolved to septicemia and death.

Aspirin is already considered to be an effective drug in the prevention of cardiovascular and cerebral ischemic diseases.[@bib0185] The 2008 ACCP (American College of Chest Physicians) guideline recommends the use of this drug after total arthroplasties. However, although recommendation for aspirin use in the 2012 guideline is low (Grade 2[C]{.smallcaps}), several studies have shown that, when used in patients considered to be of low risk for VTE, it may be effective and safe after total arthroplasties.[@bib0185], [@bib0190] Therefore, the similar incidence of local and systemic complications between aspirin and rivaroxaban found in the present series of patients may contribute to the consensus that aspirin is a safe drug for use in VTE prophylaxis in patients undergoing TKA.

The limitations of this prospective and randomized study include the limited number of patients, as the insufficient sample size probably influenced the degree of statistical significance with values of *p* \> 0.05. The follow-up time of less than 30 days postoperatively may be considered too brief, considering that VTE can be observed in up to 90 days postoperatively if no antithrombotic therapy is used.[@bib0110], [@bib0115] Therefore, some studies that evaluate the methods of antithrombotic prophylaxis after TKA follow the patients for at least 90 days, which is a limiting factor in the comparison of results.

Conclusion {#sec0025}
==========

Both aspirin and rivaroxaban can be considered useful medications among the drugs available for the prevention of VTE after TKA.
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[^1]: *n*, sample size; SD, standard deviation.

[^2]: *n*, sample size; DVT, deep venous thrombosis.
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